In gram-negative bacteria, yeasts, and fungi, a regulatory mechanism termed nitrogen catabolite repression exists (1, 8, (11) (12) (13) 18) in which organisms growing on a preferred nitrogen source repress the synthesis of unneeded catabolic enzymes. When a poor nitrogen source is present, however, catabolic enzymes are derepressed, providing the cell with ammonia. In gram-positive bacteria, examples of nitrogen catabolite-repressed enzymes are lacking (15, 17) . Previously, this laboratory reported the presence of several nitrogen-metabolizing enzymes in Bacillus spp., including histidase, arginase, and alanine dehydrogenase. The cellular level of these enzymes was dependent on the presence of inducer, although each remained at induced levels in the presence or absence of ammonia, a preferred nitrogen source (16) . The activities of the enzymes glutamine synthetase, glutamate synthase, and glutamate dehydrogenase were found to depend on the nature of the nitrogen source present in the medium, but no apparent correlation between the level of activity and nitrogen source was observed (16) . This laboratory has also reported the presence in Bacillus licheniformis A5 of L-glutaminase (5), which was induced in the presence of glutamine whether or not ammonia was present in the growth medium. It was concluded that the above enzymes were not under the control of nitrogen catabolite repression. The L-asparaginase of B. licheniformis, however, which catalyzes the formation of aspartate and ammonium ion from asparagine, is apparently controlled by a different mechanism than that of the previously reported enzymes. It is this enzyme and its regulation on which we report here.
B. licheniformis A5 was grown in minimal A salts medium (7) with various carbon and nitrogen sources as indicated. Cultures were grown for at least 15 generations, with shaking at 37°C. Cells were harvested at midlogarithmic phase (determined turbidimetrically with a Klett-Summerson photoelectric colorimeter) by centrifugation at 10,000 x g for 15 min. After two washings with 100 mM Tris hydrochloride (pH 8.4) containing 1 M KCl, the cells were suspended in 10 mM Tris hydrochloride (pH 8.4) containing 10 mM mercaptoethanol, broken by sonic oscillation (Biosonik IV; Bronwill) for a total of 5 min, and centrifuged (20 min at 40,000 x g). The supernatant solution was decanted to yield activity resulted in the formation of 1 nmol of aspartic acid per min from asparagine at 37°C. Protein concentrations were determined by the method of Kalb and Bernlohr (10) .
The enzyme exhibited one rather broad pH optimum centered at pH 7.3, and subsequent experiments were conducted at this pH. Mutants of B. licheniformis A5 that were readily isolated (9) were unable to grow on L-asparagine as a nitrogen source and were found to lack asparaginase. In assays for asparaginase activity in these mutants, it was found that activity was less than 1% of the wild-type level regardless of the nitrogen source on which the cells were grown. Thus, both induced and basal levels of activity were similarily affected. This result suggested that there is only one asparaginase enzyme present in B. licheniformis, in contrast to Escherichia coli, which produces two asparaginase enzymes (2) (3) (4) 6) . Preliminary kinetic studies with crude extracts of the organism grown on L-proline and glucose yielded an apparent Km value of about 55 mM for L-asparagine. The low affinity of the enzyme for Lasparagine was expected, since it would serve to ensure that asparagine is hydrolyzed only when asparaginase is derepressed under nitrogen starvation conditions.
To demonstrate nitrogen catabolite repression of the asparaginase, B. licheniformis A5 was grown in media containing various combinations of nitrogen and carbon sources. Table 1 shows the steady-state level of activity of asparaginase in extracts of cells grown in these media. It was found that when the medium contained a readily utilizable nitrogen source and nitrogen was not limiting, the level of asparaginase activity was low (see experiments 1 to 3, Table  1 ). L-Asparagine addition to the medium did not induce asparaginase activity under any circumstance, indicating that basal levels of asparaginase were capable of providing sufficient nitrogen for cellular growth (experiments 4 to 8, Table 1 ). Furthermore, nitrogen was not limiting when L-asparagine served as the sole nitrogen source, or even as the sole nitrogen and carbon source (experiments 5 and 6).
Under nutritional conditions in which the nitrogen source was apparently the limiting factor for growth, the level of asparaginase activity increased by as much as 100-fold (experiments 9 to 13, Table 1 ). When the cells were grown on sodium L-glutamate as the sole nitrogen and carbon source, the conditions were apparently limiting for carbon, and enzyme levels were low (experiment 15). This was clearly indicated by the demonstration that ammonia addition did not increase growth rate or asparaginase levels (experiment 16). When glucose served as the carbon source and sodium L-glutamate served as the nitrogen source (experiment 17), growth was more rapid, and the enzyme was derepressed. Under this condition, nitrogen was limiting for growth. When ammonia was added to a growth medium containing glucose and sodium L-glutamate (experiment 18), however, nitrogen was not limiting, and the asparaginase level was low. The same phenomenon occurred with sodium Laspartate (experiments 19 to 22). Asparaginase was derepressed only when glucose was present as the carbon source and sodium L-aspartate became nitrogen limiting for growth.
Finally, when B. licheniformis AS was grown on L-proline and glucose, asparaginase activity was derepressed (experiments 9 and 10, Table 1 ). Addition of ammonium sulfate to the same medium strongly repressed synthesis. This confirmed that nitrogen depletion allowed derepression of the enzyme, and corroborated the evidence for nitrogen catabolite repression control of the synthesis of this enzyme. This form of nitrogen-dependent control is inducer independent. As such, it would serve as an example of gratuitous derepression control. It may be expected that other nitrogencatabolic enzymes would be regulated in a similar manner. This form of control is energetically inefficient, however, and the inducer-dependent mechanism (seen for histidase, arginase, etc.; 16) would be preferred. Consequently, the role of this type of nitrogen catabolite repression in metabolism or sporulation in Bacillus spp. is not evident at this time.
